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1 

t%n&ti, tie— M(7>m^i(o^% *oaij&57/^ 

5 n mJ^_b 1 0 n m&T^KItttffi^*®B8ft:JBI* 
nmBUil 0 n m^T^^M^M^^m^t^^ 

mi^m^x^m^^-r^mmi^m^mm^^x^ 

% JxMmm A WW: (DMiSt *Sfe X o X , 

&&bi&m<n&W£Wii£&m\'Xi$i&wwtfcm&fc&x. 
Sir , 

2 0 0 0 C^T^^r-tT 5 If sRJR 2 dfStt^KlfS 

^2*5 0 nm£A_bl 0 0 n m&LT^>*^JBt4' Wt-^SI U 

[0 0 0 1 ] 
[0 0 0 2 ] 



(2) M¥8- 10 13 8 3 

2 

[0 0 0 3 ]«^b, JR*ffl0»Bl*^SS«^ttTN 

— — y K^-^-f y 9) feixT^ 
2<? ^#Hc3fe*£^<7> 1/2 a^S^fcfUJB £4xfti^ C t J- ft 

[0 0 0 4 ] CCDf^jil^UT, «3ttR*ffl^-f, S« 

(D.L.White and G. N. Taylo 
r:J.Appl.Phys.45 4718 197 
4) o -CO^B^^M^^ h ■ h^Uc, 

— 7*>f J*^ W t>**£*xT^5 (Tohru Koi 
zumi and Tatsuo Uchida, Pr 
oceedings of the SID, Vol. 
29, 157, 1 9 8 8) 0 

[ 0 0 0 5 ] Z<DX o ft«3feffi*ri&S£ Lftl^S*^ — 
5^S^b<7)Alf3fe^^t, ^^uratc^tilft^fS]^ tfe 

^£ft£ 0 ±j£co:£i£Sci2, #7*ft^3&»ibft5£ffi£> 

[0 0 0 6 ] HI 4 12, T?v-4^-* h y ^Tj^Uc^ 

T, TFT^IS-T) l Sr=fi-rsSffi2<7>5pffil2|-Cfc!9 , 
0 5tiia4 <7>V-VjttJCctS»fffiEI'CfcSo 7^ ft if 
o^^tio£^2 Jitc, ^uA, ^>^/uft £j&>feft5 

— h'<*Bai»3a>fetty- h««4 2^us urKij-bix 

[0 0 0 7 ] h tS4 Irio ritg 2 Jb(7)^®{^ 
mtiSV 3 V (S i N x ) , Kftv' y ( S i O x) 

ft^^^ftsy— hjte»JR5^j*Sixri^o y— h 

V, C d S e ft£fa>fejS5*«f*:Ji 6 ^jS$tlt^ 



3 

£ixT^5. £;fc, M*S6oWwMCH y- 
^>«*8<7>if£3s#ji6^s«-ffla^«»w«-r*, i to 

(Indium Tin Oxide) t£)*<r>WPi%& 

[0 0 0 8 ] _bfEy — ^ti7 tcli, 04 tc^i-j; 5 

Sltsy- ^^^Etti o^g^^nti/^, y— ^ 

^ffiitfti o <>y— *««g7 ^i^4ir«^r^ 
-So y-h«*4, y-hife«jR5, ^mfcme. y- 

***7*5j;U< KU"T V«fl|8ttT FT 1 S:«jS;U IS 
[0 0 0 9 ] r (^) J: 5 tc«jS§iifcT F T l SrttSS 

[0010] £ ^ 4#IBB3 56-94386 T-£ciR 

6^17 1^, ^SBS 5 6- 9 4 3 8 6T*I^^r^ 
[0 0 11] U/^U, 18 {^-T#D< , OD£bSf5<7>i^£ 

(h) ^jajs (D cotaatcj: u e-&fttt«^"#"Sfc 

[0 0 12] J£i.T(C, 4#^BS5 6- 9 4 3 8 eT^^t 
(a) iOTtr<h < . L» HCO^^^i^mSL^^^tt:^ 
So 18 (b) ^£a< L = H(D|^I1 »fLja» 

8 (c) co^D<, L «HO#-&{Ctt, A#t3fe^HQ^{cr 

(H) 0 1 — 2. OymiSt-^lio 

[oonlfic, l» Hcoa-frictt, |9(:r^o 

< , ^mmm 5 3 *r&jHMRje 51,52 \zx&a,i* 

*®«c[U]ia?gtt*:a-t'S&««JRJg 5 1 oo_bfc, CVD 
fefcStMi^^s/^ffitCj: 9 S i 0 2 ^^ S i 3 N 4 ^7^ i 

htz&mmnmm 5 3 st^jsu ^^^es^iis 3^ 

_bKAJR»JRJB 5 2 SriSaa^DQifb^tt^feSct 5 ^» 



(3) Si?8 - 10 13 8 3 

4 

[0 0 14] Cco£ 5 fcSffi^naa^SrS-f 

[0 0 15] (1) JK#«fe*fc«:^^2/^ife 

(2) ^^ftX^^^^^^^r^Ufc^M*^$:^ 

/(? [0016] (D (D^mn, &«anRJi*ss-h(c^ 

^t^i:^, fc 5 ftft T li ^ ^ ^ ^ 1 5 w 

So (2) (oxmii. m^m^mmmxn^^^^m^ 
xMf&istz&mnmm&tm^, nm&£-&x&&±.\z. 

1 0 0°C—6 0 0°C(DM&Mmz&\,^xn&£ii£-f 

[0 0 17] (3) 0*1*1*, I10iC^tr^<-, £ 

JKJI6 3 WfctS* 6 4 £r#fffi $ -tirfc^, 

K'&AJSjRJB 6 3 £ LT\ 7^^-^AlC^y3y^2 
li'^tS^fct)^^^, ^ix^r4 0 0 o C^N 2 l? 
i^^ict2 0»fMit5i, t^^O. 2~ 

30 3fli*ftil»6 4 £ Lr^rffi-rSo #'Jx.te\ 2*2*1 . 0 w 
mCD^&SilliJI 6 3£^ffi#USLfc;gL ^S^COO. 2 

[0018] 4#^BS5 6 - 9 4 3 8 6 fete, 61 

mnmm<Dmm^^mi,xh^\ &tz, ^^v*^®co 
aa«:«*r^5o Hun*, afea**#ibn5fl&co&*?* 

8 1 £*r«*fJI!8 2 ^ic^»Lfc^il^^^rt> J: 

{t-TS^, « It: 5 - 5 0 mSt^Z/l' ; tl 9 3 i5 
50 r-#S 0 :^)T^ ^ i-M 9 3 , /<V7- ^it^r^UT 



5 

*3 0, 7/^ ^ tl 9 3 ^ W/< y 7 9 6 Ofif^) 

[ooi9] la>u ^oj; otemmmc^z <»^l. 
r^ssnssaflKte, M^^^:^ (d. l. whit 

e and G. N. T a y 1 o r ; J . Appl. P 
hys.45 4718 1974) Kffi*$*lT^5 

[0 0 2 0 ] ^C^T^ S»lS^i B B Bi/7gt©SiI 

£ffi5£bfc»-&, RMfc^b consist frX^tm 

[0 0 2 1 ] S*t«l* Jtf^tt^:^ U S*t3t*r»Jfflli-S 
-^j&SS-C&Sa*, 4#§iB3 5 6 - 9 4 3 8 6t^b 
jh^l^S^ffi&tWtlft (D . L. Wh i t e and 
G. N. Taylor : J . Appl. Phys. 45 
4718 1974) T?^-<ibnri^-5**fet?JK*f* 
£r*J$?-f -5 r. £ li, fll£fctt ^fc^^«5cffl«lT?*> 

1 5 6 8 6 4T*7/U^ ~r>A*>£lM*T/i'^ — ^^^^ 

[0 0 2 2 ] Ufc^oT, £ fefc5«£LS£:*#5i£l3, 

t£±{C?gjS:$:iXfc a-S i - TFT&r^-f y ^1/ 
tc;fl^fc»-g\ 3 5 0X^ii^**fWB*^**tT^ 

5 &sMffi^?gja:*'ffiiifflJSu< tt^o r/u^-o 



(4) 4#K1¥8- 10 13 8 3 

[0 0 2 4 ] JR*f5fe*»J»-fSSlSH4«:*-r 5S*ftS 
a~Si •TFT^MIM^^Ofy^Cffl 

1-<5tCl3, 5ciR«#^WIHaS5 6 ~ 1 5 6 8 6 4 L 
T^5*-fta**>5o o£9, SS»CVDSi0 2 
/0 ^£ftRWCMlt^b7/K^^A$:if I, 0 
13IOTtJ:5 4, iESK^t-ie^^WrffiS:**), 
mtn& (0) 3&S5° -3 0° r**>5S*t*RS:^jS:i-S 
^SSfe^fcSo ^iR'Bibli, 4$!^B£5 6 - 1 5 6 8 

6 5t*t)7^^^^A^7^^^^?rMMI) 

iSfaffe^SIS^S^Wtttt^Sfcae), c v D M J; t> flgjS; 
Ufc S i 0 2 ^H^MW;r-/^x ; /fy^it^ 

?j7/k — ^-k&is* u ei i 4 tc^roo^^-r^ 

MKMin^o fctlKNo. 0 3 - 2 3 0 6 

20 0 8T^*tAfP^I2, — *-<7>«ffi±^»*Httl(-iR3fett 

[0 0 2 5 ] ^coi: 5 «;h,fc*^#f£&^t*5iRa^ 

30 [0026] tz^x, mmzfamz&mi'. tm&m 

£AT<7>£ 5ft*"fi:l-J: 9tTt»nrt^5 0 
^-T, 7/K-^ ^"CS*tIi!*S**:^JS:l-, ^{-^ 7 > 

4:, H{c i TO«ffi±lc^UfcSiffEi6])R^jS:Lr 

t s ffi m & u s Aft « t- r -e ^> £ t - « a & m a -r s 0 

[0 0 2 7 ] 

[0 0 2 8] «lft ccoj: 5 te^*Stffo»JBS:» 



T 

[0 0 2 9 ] 

[0 0 3 0 ] ^P^coj^MM^B a B ^^S§cr>Siit^ 
J£A_b 1 0 nm^T^M»SIW^f|{:^Sl 

[0 0 3 1 ] ^0JO^W^ B a B ^^^§O^^^^^ 

2 o otfiiT^iaST-ff 5 J: 3(art)i:t\ $7t, fit 

[0 0 3 2 ] ^'^coJKl+MffiiBil&^SSfitt, 

co ir % <b i&5 r a- ^ - r> a £ li r ^ s - £ 

(fijJRi&^^^^rfc?? , ^cor ir^J: O .LIE g Wj6**J58 
[0033] **Mcos*tS?ffi H H B *^K«{-*5^r , ffi 

[0 0 3 4 ] 

%mzfr&-tzmmi fornix v ssi? lti^i^^ 
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[0035] -e^r-, *ituiAi^, l^cog^^tto 

« H B B JK»ffllif*«Si:^fS)«*^S:*fc I TO 
Hi 6fc^-TJ: 5&Siffia[^ttcoi«^^7>^^ ^tfeffi 

[ 0 0 3 6 ] *^PJI3 , frfrZ%0&\Z&'3%m\Z.m*<O 

^rMt5 r b^X n , *&liS*f««<!0±«-^y = ^ 

[0 0 3 7 ] ft*3, ^®m^O©^(Ci3, -fc<Z>«^J3 
5 nm^i 1 0 nm£lTO|5irtr*tolf J:i\ 5 n m 

20 mbCDm&VtMbteV , lOnm^X.SI^fmU 
10 0 nm^T^ffiHrt^#>*U:f £1^0 5 0 nm^iW 
9 , 10 0 nm^it6l^«i^gfOg 

[0038] *)t, »ffiie-ffcjKS:?i0ja:-rs#'&i7>?as* 

J<? -fH*Q.3l-r5ta.AJ: <3 fcW^ 1 7 0°C^±2 0 o°cj^t^ 
[0 0 3 9 ] 

^ [0 0 4 0 1 Bili, H16Wr-*>SS*tS*S 
B B B ^^^^r^-r^rffilir-^ 13 , H 2 14 Hi (ORMMm 
B B B S:«J*-r 5 Til!! O T F T Sffi (75 ffi m X'h 

T— * (T«l) l:TFTW5TFT», fa* 
50 in-So h/<^ia^ 3 2 f4, *S»i:U«SLr^ 
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[0 0 4 1 ] h^!3 3^5orM3 i±<D±m 
ic, gffcv' (SiNx) , SMt^ y 3 ^ ( S i O 

x) ft^ibfcsy— h^il3 43&^js;snr^So 

h!S3 30Oi:^(C^>5y— h*fe»JK3 4tfi#<7>± 
a — S i , #tefiv / I> 3 CdSe^if*^)^ 
3 5«^tt^ 0 ^*^J13 5C0 — 

^5v-^i:i3 6^1l:M^"Ct^o ^coy — 
h Bass 3 2 y— ^^^E*ft3 9^««s* 

iiTl^o y — */*;*ffii»3 9 13, ff#«£ LT«fgL 
tt^So y-^/^E!3 9 ty-^l*3 6 

[0 0 4 2 ] *Mtf**3 5<75ffll*-<7)iS95tC^, y 

y-hii3'3, ^h«ii3 4 1 *m&ms 

o&«jSL, Kt f t 4 o y y*f^«ffit 

[0 0 4 3 ] T FT 4 0£*^j££;h,;fcgffi3 1 ±<7*£ffi 

*r«*fe»)R4 2^jf^^nr$5^ , t: <z) 

^^(7>^rffiJf^^RJ^^£b^4 2 a^^HT^^Il 
n>So fIfeil42WF>'f^i37M 
fCtt^V^ ^ A-4 3^^jS:$Jxti^So 

[0 0 4 4 ] ±1E Ft/^>tI3 70*»#g 35iS 
#MflOiS«5{a*, Tyu^ = !>A^ib^SS:*t««i3 8^ 
M&l&f&ZtiX^Zo d(75JR*t»*3 8<7>— ±15 
a >^ ^ h A-4 3 (c^i^ixT K >-^@ 3 7 tc 
^M^Tt^, ±1SSM««3 8 0±(Ci2, 

TfeS, 7 ;K 1 35)^ 5 f If f tH 3 8 a ^« ^ 
T&i?, ^OtiM3 8a^Sorii3lJ:(: 
13, SKfififR]JR4 4 2*fl£ja£nTl^5o 
[0 0 4 5] #cM, ±!IOc7)>^(^g^cO^^(CO^T^^< 
6, Xffi4 5±ia*, #7~:7^/^4 6^flgj*Sixr 
l/"*5 0 ^7"7-r^^4 6COlt^3 10^lt^i3 8(C 
^ft-rSffiW-tt-^-i* V**fcl*j&<Z>:7-f ^ 4 6 a ^ 

TgjSi**^ S#t««3 8«c#fiUftiMfic«lctt:/7 y ^ 

C07-r 4 6 b #^J&£ixT^£ 0 — 7>f/i^^4 
6-±C0^kffi{C(3 I TG?^^^^|«^i4 7 , 
$ ib(C-e<Z)±^l3:I£ftJill4 8^W^iiri^o 

[0 0 4 6] ^^ct9{cM^tTFTiS^^f^I 
1S£te, S*t««3 8 t 7>f 4 6 a i^-StS J: 

t^5c £*U££0, SltflB a 0 ^t3O^^ 

[0 0 4 7] #cM, d*^S«j5iS:os#taJSfi*^SIS^ 



(6) 4#H^8- 10 13 8 3 
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[0 0 4 8 ] 5fei", SS3 1±i:, y-h«33, ^ 
-Mfelg3 4, *i»fl:Ji3 5, y-J*«S3 6*3£U< 

«? , TFT4 0M^5 9 

[0 0 4 9 ] T FT4 0 & £ tbfc X4£ 3 1± 

[0 0 5 0 ] ^T«*6»JW4 2 <^*f«*3 82^ 

Ki/^yti3 7^i:, ay^n*-/M3eM 

±ES5^Htt, flM4 2«m, 
tUC^^^ h^—/u4 3 &7#j$;"t-£X§±<7>Fp i JJlI5:# 
*U Hie, i B s B f/Tgf3 O&fNS-f £I^Oir/H?<7> 

[0 0 5 1 ] *«#fe»JK4 2^R^O£b^4 2 a 

3 8*r»jSt5. CO^, S*f«*3 8fi, ^^^^ 
h Tt;— /U4 3 ECjo^T K U-{ is MM 3 7 J: 
20 5 Mf&o 

[0 0 5 2 ] T J\sS> — $ J*t*ht£Z>BLki'KMZ 8 

CO^mEC 8ftteIi^J:5 5-1 0nm(D»«ft7/>; 

^l-cis, w^KSia.^ifiKft;**7Kt-3'-i 0 
*^rtf9, 3- 1 o^<Dmm^n 

5, f fci^ 1 7 0°C- 2 0 OtwA^i^^f-^ 3 0 
[0 0 5 3 ] mfaS i^>/£< £fciSffi»{t«3 

8 a ^js:stbfca53>o±^, saiaifi]jRW**s:Siaa^ 

16 0-1 80°CT«ttS!f^^, iPjQ&HSte 
*&31£:fT^, ISI^^4 4«|iJ(;t^o 
TttfltOTF TSS^fNMSnSo 
[0 0 5 4] &fc, ±{|fJ^#ft£}££^T^J: pf^LT 
40 fFSH"£o |fi4 5iW7-7>f/^4 6^ 

l^-r^o ^Oi^, ^7^7^f^^46^I(S310S 

/^46a^«t, ^13 8 b^^Migt^ 
(3^7 y*<r>7 4 4 6 b^fiStS. ^7- 
7-f^^4 6±0^®(C, I TO^^bJiaSSKtta:* 
4 7£rfl0J58U JBe^^T, ^(7>±^ffifpljR4 8 *?igjS;-r 
6o rixtcJ: i?V ±ffi9^Mi^S«^»^n'S« tt*5, 
C(7)^^S«I3, illtTFTiKi; ^^t^^Sib 
xhX^\ 

50 [0 0 5 5 ] geld, J^±Oj: 5{CLTf^S!i$nfcTFT 



li 

VHIJSIJL, «^tHiffi«:S*ttffi3 8 t7^;^4 6 

[oo5 6] *tc, .biasm^, m*.i*K&&*miz£ 

■3«alSri£AU ia a B g4 9l:Mt^o iifaK£&A 

[0057] ^ CO J: ? IT Kit $ nfc#HJft0iJCDK*t 
SfK A [C *5 ^ T li , « A T Jir * - o 

[0 0 5 8 ] **5, T/>s = !>*j&>fefc5KW«ffiS:, ^ 

frii btt 5 ?ft B B B jg ii ^ * ^ =1 ~ ^ * tKf£T-&> 19 , 
^*^*tv)to **5, *ss*«aa^ urii, i7o°cj^ 

±2 0 0°C£(T^Ui/\ lib, SPfRngf^ascotaftJ; 
t?*>s i 7 o°c— 2 o o'CJ: y) fcffi^j&S-rKft&JlL 

#)<b-f\ 4#HB^5 6 - 9 4 3 8 6 t'l^^Tl^ £ 5 

So 

[0059] *&, mffimtjm^mtmn&matmm 

Kftft«rttffilft^(OiS»il^ 0 ^cosl&li, 
[0 0 6 0 ] JilEIIJSOT-CttiSBliWillttffiSrr^^ ~£ 
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[0061] itBUJKW-rttsitmtt^i^r^ 
^ ^3&^*S*ffiK<t:«3 8 a *jgja:bfc^, *3g^ii 

feift-j: i? v-y k*<Dmtm%: s 0-100 

[0062] 031*, is v = ^mtJ&&&m3zmz.ftm 

LM^<7)SltIiS a s 0 ^Tgf^Mi^^t o CCO0 
y 3^KflsJR3 8 bT#>9 , 0i£ftfc5<oia, tft 

[0 0 6 3 ] S*f«*60^fiJS^^ffi[p]JK^» 
[0 0 6 4 ] * IS 91 1*, -^cOS^O^ib^- 

^ 0 -^co— LTii, 0 17 {c^-r X 5 {c, — 

^Ml0 0, 1 0 1 com^t fclCSttffiftJWl 0 2 , 
1 0 3 2*J#JS;£*L, *#^DB# {0 1 7 CO ( b) #93} 
l^mHiM 10 4 *<75?Kb1*5 Jct^rtffi-fe* 10 5 cO^rtt^ 

it^o 0i7co (a) ««ff*PniQB#«:^-ro 017 

^co 1 0 7 fiTVu^ ^ A^b^SfMi, i06ii 

1 0 81* I TO4Sd»t><CS3K*^fSj«*'CfcS 0 

[0065] Mo— o ^ urii, 018 {c^i"ct p tc, 
-^olSi 10, 11 1 <r>mj5h *h\z.m,\MM&\^:i 1 
2,11 3 3&«fl0ja£*U «#*S1^I0^ {01 8 CO (a) 
#S} ic^ola®^^^^ 1 1 4feJ:^f^^fe^l l 5 co 
fitt*[Pi^S4gi 1 0*lc»LTiiSlc4ot^5#^ 
IWT^-K^RitS. 0 18CO (b) (*«*S1JUDB# 
^r^-fo 0l8^coi 17 Y$T;\s^~$ J*ti*ht£Z>BLifi 
mm, 1 1 6ligJtS«i 1 7<??SlS:8MSLt4 
saffiBKbJR, 1 1 8 li 1 TO»d^ft52SMft^|plS 

[0 0 6 6 ] 5E*cfftco — UTIi, 019 (c^-f ^ 5 
(C. — *j-C0g*£l 2 0, 121 (DfrMMmi 2 7{RIJ<7)S 
Si 2 l^SiEKlSjJRl 2 3£r^U t)9-^SSl 



(3) 

13 

2 OOi^^fpl^il 2 8(OiC7 fc'y-^CO^rgrfC 
StRl 2 0 (7>#j-ftm*l 1 2 8^J&£HT^£^£^# 

mm mi 9<d (b) #rs> kssajb 1 2 4 
is *n ni9^ (a) ^afl-^sijo^sr^-ro hi 

9*01 2 6ttSlt««i 2 7<D»ffi&IMls#iSLTJfe 
[0 0 6 7] 10 

[Bffi©«i*ftR»] _ ^ 

[|2] Hi<oS#tSHR*a^««**J*"*"ST«^T 

[S3] *«w<7>-isj6ff'jr*fc5te^*ta*«H e B*^ 

[i4] ttjfe^Stff^^i^nstftfB^SKS^^^T" 

[0 6] &M<D&mzm^bftz&&&^$ite <D &mM c 

[18] ft^^fi:f^bti5S B s a ^gf^* 
[HI 9] ^^co^(c^^bti,^^B B B^^^S^^/i^ 
[lio] JBfejKoatfftcffl^^^StSalS^K*^^^ 

[Hi 1] t^^^e#Tic^^bixs^ B s B ^^^®^^i 

[Hi 2] t^jfeoSW^ffl^bHSJKfifS^JSS^T/u 
[11 3] t**(0fi*ff^fflv^ibnS-*SHl-*^3S«^)S*t 

[Hi 4] ts3teoKW^^^^s**a^3S«^>R*f 
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[Hi 5] 7*—%fr = ~y91&WtV>t&&n$:7F-? i &*, 
[Hi 6] y7Z/is**sifc1&<nWnBM&^^&^^^*> 

[Hi 7] ^^^Iffl^^Ii^M^" KWIr^tS 
s£H (lEffiH) T*&£ 0 

[Hi 8] ^mm<nMm^i&te^w.^~ vm*^ 

-f^^H (lEffiH) ~e&>£ 0 

[hi 9] #mm<nMm&^mte^fc^&*B^~ K # |J 

3 0 S*fM*Rffi*^8« 

3 1 Sffi 

3 2 h^*Si*6 
3 3 

3 4 hilfeSJR 

3 5 *m#m 

3 6 y— 
3 7 k w v^t;# 

? 3 8 

3 8a ^fl&KffcJR 
38b y zi >«flsJR 

3 9 y — *A*;*ia#j& 

4 0 TFT 
4 2 

4 2a £3^ 
43 ny^^ h 7^ — /^ 
4 4 SiESBfp]^ 
4 5 StR 
?6> 4 6 9 — 7 4^$ 

4 6a -e-tf y^ifc«»^7>f^ 
4 6b ^ 7 y ^ -f 

4 7 *f[p]fl;* 
4 8 larpin* 

4 9 %slS 

10 0, 101 Sf£ 

1 0 2, 1 0 3 ££i£ffilp]JR 

10 4 ?&sb/1 

10 5 F^ffi^^ 

40 10 6 ^aSSKfcJR 
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